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Introduction Until the 1950s, many mastectomies were performed unnecessarily without obtaining a histopathological diagnosis since nipple discharge was considered as a definite indicator of carcinoma of the breast. Subsequently, in the late 1980s, radiologists began percutaneous image-guided histological needle sampling of the breast, enabling an accurate, minimally invasive biopsy [1] . Despite the benign results of these biopsies, the possibility of high-risk lesions, ductal carcinoma in situ (DCIS) upgrade, and incomplete percutaneous excision indicates the continuing need for surgery.
Pathological nipple discharge (PND) is defined as spontaneous or easily expressible single-duct nipple discharge or any discharge that is grossly bloody [2] . With the efforts of researchers in the early 1990s, direct endoluminal visualization of the breast ducts has become possible [3] . In contrast to the initial rigid ductoscopes with a diameter of more than 1.5 mm, rapidly developing technology has given us the opportunity to use fiberoptic ductoscopes with smaller diameters (0.55-1.1 mm) [4] .
The diagnostic workup of patients with nipple discharge usually includes physical examination, mammography (MG), ultrasonography (US), galactography, and nipple discharge cytology. Few studies evaluated the results of the radiological diagnostic modalities in conjunction with mammary ductoscopy (MD). In this review, we analyze and discuss the possible role of ductoscopy in evaluating intraductal pathologies and its combined use with diagnostic imaging modalities.
Ductoscopic Technique and Indications
The endoscope is inserted through the ductal opening after dilating the duct with a suitable probe. Saline solution is injected through the working channel of the endoscope for clear visualization of the intraductal space [5] (fig. 1 , online supplemental material www.karger.com/?DOI=000355833).
Although some reports claim that ductoscopy is technically possible not only in dilated but also in normal-caliber milk ducts [6] , successful duct cannulation is achieved in 88-96% of patients [7, 8] . Conventional galactography is technically inadequate in approximately 10% of patients [9] . Ductoscopy can fail in patients with inverted nipples, intolerable pain, narrow ducts, and a stricture or obstructing lesion near the nipple [7, 10] . Researchers were able to depict the lactiferous ducts up to 2-3.3 cm on average, whereby the greatest peripheral depth was 7.5-10 cm [6, 8, 11, 12] . On the other hand, some authors insist on the use of ductoscopy solely for central ducts [13, 14] .
Breasts with spontaneous nipple discharge (SND) are more likely to contain an intraductal papilloma or hyperplasia secreting fluid and allowing the scope to travel further. For these patients, cannulation of the duct is not significantly affected by previous breast surgery [7] . Conversely, some authors state that compression by invasive carcinoma or previous biopsies prevents the scope from traveling deep into the breast [11] . Although some authors report that the flexible ductoscopes do not transgress the myoepithelial layer of the ductal system [15] , perforation of the duct is a potential complication of galactography and ductoscopy [10] . Researchers observed no persistent pain, mastitis, subareolar inflammation, bleeding, nipple necrosis, or increase in nipple discharge following MD [7, 15] .
A well-known clinical application of MD is PND. There are also some other indications such as determination of the surgical area before breast-conserving surgery and screening high-risk group patients. Some surgeons claimed that this would be a screening modality in the future.
The presence of extensive intraductal carcinoma is definitely a risk factor for surgical margin involvement. The reexcision rate for DCIS may be as high as 60% [16] . The extent of ductal involvement can be defined with MD, which makes MD a useful tool in planning breast-conserving surgery. Ductoscopy can detect additional lesions outside the scheduled lumpectomy site that were not visualized by MG and US [17] . However, in some contradictory studies, a significant number of these additional lesions were either benign or within the field of lumpectomy; thus, this procedure had no additional benefits [18, 19] .
Annual magnetic resonance imaging (MRI) and MG is now the standard of care for screening high-risk patients [20] . However, MD is suggested as a risk assessment tool in some papers. Ductal lavage is currently being used in several centers to guide risk-reducing strategies in high-risk women [21] . When malignant cells are present in the lavage fluid, the diagnosis can be confirmed with MG, US, and/or MRI. If these investigations are negative for malignancy, then ductal imaging (galactography and/or MD) may be helpful [22] . However, in a recent study in asymptomatic, high-risk patients, there was poor concordance with histology and therefore the addition of ductoscopy added little to the evaluation. Histological atypia or malignancy identified by ductal lavage and ductoscopy was found in only 5 of 102 (5%) high-risk women in the study, even though cytologic atypia was identified in 26% [23] .
Some researchers supporting the sick-lobe hypothesis point out that ductoscopy can be used as a population-based screening modality in the future. Nevertheless, there are 2 problems. Primarily, it is not certain whether or not the ductoscopically examined lobe in the asymptomatic patient population is the real sick lobe. The second problem is that the addition of invasive procedures in screening protocols would lower the convenience rate in the follow-up of high-risk patients.
Ductoscopic Visual Diagnosis, Sensitivity, and Limitations
According to some studies, the ductoscopic visual morphology of lesions can be classified as hemispheric, papillary, and flat protrusion type. The hemispheric and papillary shapes are the most common ones in cases of intraductal papilloma; however, the possibility of a malignancy in the multiple polypoid-type lesions should not be ignored. Histologically, yellow and ash-gray nodules are to be found as intraductal papillomas, whereas the red nodules are intraductal papillomas with hypervascularity and bleeding [24, 25] . Contrary to hemispheric and papillary shapes, the flat protrusion type is the most common one in cases of carcinoma [22] . In those cases, cancer arising from the mammary ducts appeared white in color and was described as slightly elevated [25] .
The appearance of DCIS lesions is characterized by hemorrhagic, circumferentially obstructing, irregular fungating masses protruding into the lumen [15, 26] . A fibrous bridging structure is a product of inflammatory changes, and visualization of a ductal stricture commonly correlates with ductal h yperplasia [7] . Diffuse intraductal thickening corresponded to diffuse papillomatosis on histopathological analysis [26] (
fig. 2, online supplemental material www.karger.com/ ?DOI=000355833).
There are contradictory views about the correlation between intraductal visual observations and histopathological diagnosis (table 1, online supplemental material www.karger.com/?DOI=000355833). While some researchers stated a significant correlation [27] , others found no specific data, except for gross morphological abnormalities such as papillomas. Thus, visual inspection alone could not be sufficient to differentiate between benign and malign lesions [7, 10] .
Ductoscopy allows the identification of intraluminal growths down to about 1/100 mm. This resolution is far more superior to any other diagnostic imaging technique [16] . Small-sized papillomas might be occult on conventional MRI ( fig. 3 , online supplemental material www.karger.com/?DOI=000355833). Magnetic resonance galactography using a special microscopic coil (commercially available) can detect ducts measuring 0.8 mm and intraductal lesions as small as 1.0 mm [28] and can visualize both peripheral and proximal ducts, resulting in a higher probability of detecting additional intraductal lesions [29] . Debra Stick developed an intraductal radiofrequency microcoil that can provide microscale images [30] .
Both ductoscopy and galactography have been reported to detect multiple lesions in 30% of patients with nipple discharge [15, 31] (fig. 4 , online supplemental material www.karger.com/?DOI=000355833). An increased incidence in the development of cancer has been suggested particularly in patients with multiple papillomas [32] . Carcinoma was identified in 37.5% of cases that were associated with peripheral papillomas [33] . Matsugana et al. [34] showed the coexistence of intraductal papilloma in a major duct and ductal cancers separately in a peripheral duct. Denewer et al. [27] found that the ductoscopic distance traveled was significantly related to histopathology. They did not find any malignant lesion within a depth of 2 cm. These deeper lesions can be missed by conventional major duct excision [8, 35] . In patients with nipple discharge, the percentage of galactographically detected lesions deeper than 3 cm and ductoscopically detected lesions beyond 4 cm are 20% and 18%, respectively [5, 31] .
Technological advances in ductoscopy, such as autofluorescence techniques and molecular cytopathological and intraductal biopsy methods, are promising. Douplik et al. [36] have shown that autofluorescence ductoscopy could distinguish between tumor and normal tissue in an ex vivo setting. Cellular features such as DNA methylation analysis with cytomorphology may be helpful for increasing the sensitivity [37, 38] . Intraductal breast biopsy (IDBB) methods have not yet been standardized. In addition to the brush cytology method, there is another method that is used to obtain tiny tissue samples with a grasping basket or a metallic tube possessing a side aperture and which can provide adequate diagnostic information [10, 39] . It is also conceivable to biopsy a ductoscopically discovered lesion with classical vacuum-assisted breast biopsy under combined sonographic-ductoscopic control.
Sensitivity and Specificity
Our literature survey showed us that only lesion determination rates were reported with ductoscopy. In contrast to diagnostic imaging modalities, which provide sensitivityspecificity results in the discrimination of benign-malign lesions, there were no papers reporting the use of ductoscopy in such discrimination; thus, it is not possible to make a meaningful meta-analysis comparing ductoscopy with radiological modalities.
Comparisons of the detection rate of intraductal abnormalities with galactography and ductoscopy were made in 3 studies (table 2, online supplemental material www.karger.com/ ?DOI=000355833). These studies emphasize that the use of ductoscopy eliminates the need for preoperative galactography. Ductoscopy allows a more precise localization of the lesion and also provides intraductal sampling of the ductal cells for cytological analysis. In some cases, the results of both methods were complementary. In 2 studies, intraductal lesions that were not reached by ductoscopy could be shown by galactography [10, 39] .
The sensitivity and specificity results of conventional imaging methods from the surgical and radiological literature show some differences in terms of determining malignancy in patients with nipple discharge. In order to be able to do an unbiased review, many articles from both disciplines were included in 
In a study published by Shen et al. [15] on 157 operated patients, the overall positive predictive value of MD screening was found to be 83%, with no benign and malignant discrimination. When combined with a cytological analysis of the endoscopic lavage of the ducts, this figure improved to 86%. Negative predictive values, sensitivity, and specificity were reported as 82, 88, and 77%, respectively. Vaughan et al. [2] reported lower rates in 89 patients undergoing intraoperative ductoscopy and having duct excisions. If visualization of a papillary lesion was considered as a positive visual ductoscopic finding, the sensitivity and specificity of ductoscopy for pathologically proven papillomas were 73 and 56%, respectively. If visualized webs, abnormal discharge, bleeding, and abnormal linings were considered as positive findings, the sensitivity increased to 89 whereas specificity decreased to 20%.
Success of MRI is not clear enough in patients with nipple discharge. In the initial studies with limited data, some authors concluded that MRI may help to distinguish between benign and malignant causes of nipple discharge [58, 59] . Morrogh et al. [46] proposed that the sensitivity and specificity of MRI were 70% and 44, respectively, when performed after negative standard evaluation in their study in 2010. Lorenzon et al. [41] retrospectively evaluated 38 patients with PND by MG, US, and MRI. They found that sensitivity and specificity of MRI were 94.7 and 78.9%, respectively. In comparison to US and MG, MRI has shown statistically significantly higher overall sensitivity and specificity (OSS) values. In a 2012 study comprising 94 patients with nipple discharge, only 12 patients were evaluated with MRI. In this study, there was no statistically significant difference between MRI and the combination of ductography and sonography [43] . However, in a different study, El Khoury et al. [60] concluded that occult malignancy with the standard modalities could be detected by MRI in 3 of 36 (8%) patients.
In patients with nipple discharge, the rates of invasive and in situ diseases are equal to each other or in favor of DCIS [35, 45, 47, 51] . Breast MRI has a high sensitivity for non-invasive disease especially for high-grade DCIS, in which its sensitivity reaches 87% [61] . The detection rate of MRI for small focal intraductal lesions is lower than of ductography and sonography, but it is the most effective modality for detecting high-grade DCIS. Sabel et al. [62] stated that a negative MRI result in addition to negative conventional imaging would further reduce the probability of malignancy. On the other hand, false-positive MRI results may increase the biopsy rates. In a study of Fisher and Margenthaler [63] , 4 of the 7 patients with DCIS underwent MRI after the duct excision and 3 of the 4 had non-mass-like enhancement suggestive of extensive DCIS. None of the patients with DCIS underwent preductoscopic MRI, but all had Breast Imaging Report and Data System (BI-RADS) category I/II/III breast imaging.
Nelson and Hoehn [64] concluded that central duct resection (CDR) is an effective way for the removal of malignancy without leaving a residual pathology in the diagnosis and treatment of PND. Besides, Carty et al. [65] found no malignancy in a 5-year follow-up of 49 patients whose physical examinations, imaging, and cytological findings were negative. In a mean follow-up of 2 years, Gray et al. [66] visualized no cancer cases in 57 patients whose imaging findings were normal. The available limited number of publications indicates that the probability of a carcinoma is 0-5% in PND cases that are clinically and radiologically negative [35, 67] . Concerning the appropriate diagnostic and treatment approach, the uncertainty remains for which cases MG and US do not report any pathological lesions; however, in this special patient group, surgery and close follow-up options could be combined in existing algorithms [4, 35] .
It is very difficult to set the exact positions of MRI and ductoscopy in patients with PND because ductoscopic studies are not widely approved in the surgical literature and there are so far no prospective trials to evaluate the role of MRI.
Discussion and Conclusions
Since 85% or more of breast cancers originate in the epithelial lining of mammary ducts from morphologically identifiable precursor lesions, MD can potentially detect breast cancer several years before detection by MG [68] . In clinical practice, palpable breast masses are usually about 1 cm in diameter; on the other hand, they are usually 0.5-1 cm when detected on MG [36] . The mean sojourn time (MST) is the preclinical detectable phase, i.e. the time difference between mammographic and clinical detectability. In other words, the MST is an expression of the tumor growth rate (grade 2 ductal, 3.0 years; grade 3 ductal, 3.1 years; DCIS, 5.1 years) [69] . Regarding these tumor growth rates, MD may detect small-sized (under 0.5-1 cm) intraductal tumors 3 to 5 years earlier than MG. In a mean 22-year follow-up of 56 patients who underwent CDR for pathologic nipple discharge, only 3 of the patients (5%) developed breast cancer (1 lobular, 1 invasive ductal, and 1 DCIS) on the same side of resection. They presumed that, if malignancy or premalignancy had been missed at the time of CDR, it would have been identified within the 15-year time frame [64] .
We believe that the potential advantages of ductoscopy, which is offered instead of imaging modalities, were overexpressed in the surgical literature since the optimal modality was not chosen for comparison in patients with PND. As an example, Shen et al. [26] concluded that more than 50% of the patients with nipple discharge who had a DCIS lesion visible on MD and/or detectable by ductal lavage had a negative mammogram. Similarly, Kapenhas-Valdes et al. [16] also found that 5 patients (8.8%) who were found to have carci-It is often difficult to collect adequate diagnostic specimens with IDBB because early-stage cancer may be located peripherally and not reached by MD. IDBB provided a definite diagnosis of carcinoma in 42.9% of carcinoma cases [34] . Due to the difficulty in obtaining diagnostic specimens with IDBB, ductoscopically guided ductal lavage cytology is more sensitive and complementary to IDBB.
According to many studies, after duct excision surgery, PND patients with an initial pathological diagnosis of 'benign or no abnormal findings' developed breast cancer [76, 77] . Ductoscopic follow-up is controversial because of its high false-positive rate reaching 17% [7] . Large-scale ductoscopic follow-up protocols similar to radiological follow-up protocols have not yet been established. There is no study in the literature stating a false-negative malignancy rate by ductoscopic follow-up.
Can IDBB Completely Excise All Lesions and Cease Discharge?
Although complete removal of some solitary papillomas by IDBB was reported in a study by Kamali et al. [10] , approximately half of the papillomas could only be excised partially. Cessation of nipple discharge (the therapeutic effectiveness) after the IDBB was found in 78.1% of intraductal papilloma patients who were followed for more than 3 years [34] . On the other hand, we know that 80-97% of cases with clinical signs of discharge were resolved after 11-G mammotome biopsies [78, 79] . It is not yet known whether short-or long-term success in curing recurrent discharge is more a function of duct disruption, lesion removal, or both.
Can Ductoscopy Conserve the Anatomical Integrity by Being Minimally Invasive and Prevent Excision of Benign Pathologies?
The false-negativity rate of MD was determined to be 18%. In half of these cases, the papillary alterations were small papillomas involving small to medium-sized ducts and in the other half there was diffuse papillomatosis [15] . Some surgeons state that the use of routine galactography or ductoscopy to select operative candidates is unnecessary because nearly all patients require surgical excision. Conversely, some reports claim that with the high specificity (91%) of negative ductal washings combined with negative ductoscopy, in the absence of a demonstrable lesion, patients with nipple discharge can be spared from surgery [2] . Around 90% of patients with classic symptoms of PND who undergo ductoscopy-directed duct excision are found to have proliferative lesions in their duct excision specimens [2] . From this point of view, ductoscopy can reduce the size and number of open biopsies for PND; however, randomized controlled trials with long-term follow-up are warranted. noma (one of them had invasive cancer and the remaining ones had DCIS or LCIS) with ductoscopy-guided cytopathology had benign and stable findings via breast imaging (MG and US). The accuracy of US and MG is 61 and 22%, respectively, for noncomedo DCIS [70] . MG, US, and routine touch cytology of the nipple discharge are not sensitive in detecting DCIS. MRI should be considered as an alternative method for patients with high-grade DCIS because of its high sensitivity rates (87%) [61] .
In the surgical literature, many papers comparing screening MG and ductoscopy -which has not yet been approved as a screening tool -emphasize that diagnostic imaging modalities are inadequate to detect cancer because of the missed lesions at screening MG. Since screening is a different entity than diagnosing, such arguments may underestimate the capability of multi-modality diagnostic imaging. A study in the surgical literature states that only 4.3% of patients with pathologic discharge had normal findings with adjunct use of physical examination and imaging studies that consist of MG, sonography, and galactography [35] .
Our aim is to find a method detecting all lesions, definitely differentiating between benign and malignant pathologies, ceasing nipple discharge, and excising lesions completely while protecting the anatomical integrity. Eventually, this application should be a method that does not need any supplementary modalities.
Can Ductoscopy Detect All Lesions?
Two studies proved that 60.4 [71] and 38.5% [72] of papilloma (intraductal papilloma, IP) patients were asymptomatic either for nipple discharge or palpable mass. While only discharged ducts are cannulated by ductoscopy, radiological modalities can detect even intraductal lesions without discharge in asymptomatic patients. 2 studies that examined mastectomy specimens reported that 14-30% of intraductal carcinomas did not have the in situ component [14, 73] . These observations raise the possibility that a significant percentage of patients undergoing surgery would not have an intraductal component and therefore MD would not be able to directly visualize some intraductal lesions.
Sauter et al. [74] demonstrated that 3 women with breast cancer had positive nipple aspirate fluid (NAF) cytology but negative MD samples. This was not surprising since NAF is often derived from several ducts, and the duct which was scoped might not have been the one containing the neoplastic cells.
Can Ductoscopy Make Definitive Histopathological Diagnosis and Differentiate Early Signs of Malignancy without Any Need for Other Diagnostic Modalities?
Of the 14 studies analyzed by a recent paper, 8 studies suggest the routine excision of all papillomas (with or without atypical ductal hyperplasia (ADH)) because of high malignancy upgrade rates by core needle biopsy [75] . 
Conclusion
Developments in autofluorescence techniques and molecular cytopathological methods are promising in terms of increasing the value of ductoscopy. However, in spite of such technological advances, there is no solitary accurate modality to reach our definitive purpose for the time being. Being aware of the capability of each diagnostic modality may take us closer to our target. Hence, adjunct and appropriate use of multiple imaging modalities and ductoscopy is necessary to evaluate patients with PND.
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